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DETECTION OF ACOUSTIC PULSES 
INTRODUCTION 
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We will discuss preliminary results on the use of a low-energy laser 
and a sensitive laser interferometer for noncontact material testing of 
metals and nonmetals. There have been numerous reports [1-12] on the use 
of lasers to generate acoustic signals, but this is the first use of a 
relatively low-energy tunable laser source and improved interferometer to 
measure acoustic waveforms in both metals and nonmetals [13]. The use of 
a laser interferometer for the noncontact detection of acoustic pulses has 
also been reported previously [14-20], but we now report the use of a sen-
sitive "non-Michelson" interferometer with increased signal-to-noise capa-
bilities. The combination of these features allows noncontact, low-energy 
optica! generation and optica! detection in a variety of materials, in 
potentially hostile environments, and provides accurate accoustic waveforms 
which can be used to characterize specimens. These results, therefore, 
begin to demonstrate the feasibility of a portable (entirely) optica! sys-
tem for the nondestructive evaluation of materials. 
While capacitance (electrostatic) transducers also yield accurate 
waveform information, they have the disadvantage of needing to be used on 
a conducting specimen (as do electromagnetic acoustic transducers [9]). 
Even in the case of a metallic specimen, it is necessary for a very small 
(of the order of a few ~m) gap to exist between the sample surface and the 
other capacitor plate, in addition to having the specimen face polished to 
a fraction of a ~m. This limits the conditions under which measurements 
can take place for metallic samples and entirely eliminates the possibility 
of using these transducers with nonmetallic samples. In the latter case, 
an alternative to the laser interferometer for detection of acoustic waves 
has been the piezoelectric transducer. This is capable of high sensitivity, 
but has the disadvantage of oeing in contact with the specimen under test, 
does not provide accurate waveform information, and cannot be used on very 
small samples. (Thick piezoelectric transducers having increased bandwidth 
can provide more accurate waveform information over a limited time, if the 
transducer diameter is not too large [21]). 
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LOW-ENERGY OPTICAL SOURCE WITH PIEZOELECTRIC DETECTOR 
To determine whether or not we would be able to make ultrasonic 
measurements on nonmetals using a low-energy source, we began with a simple 
arrangement using a commercial piezoelectric sensor. This detector gave 
an indication of the relative signal strength of acoustic pulses in the 
specimen as a function of incident laser energy deposited on its surface. 
The set-up is similar to that reported by Aindow, et. al. [5]. However, 
our experiment used a nonmetallic specimen and a low-energy tunable 
(visible light) laser source for the generation of acoustic pulses. Fig.l 
shows a plot of the piezoelectric transducer-detected acoustic signal 
level as a function of laser pulse energy (and estimated power density) 
striking a polyimide-glass-fiber composite sample. It resembles the curve 
of longitudinal transducer output versus optical power density for stain-
less steel, shown in Fig. Sa of [5], including the deviation from linearity 
occurring at about 20 MW/cm2. However, our data occur at laser energies 
which are lower by almost an order of magnitude. An achromatic lens of 
focal length 60 mm was used (in all experiments) to focus the incoming 
light. No oil or other coupling mechanism was placed on the top surface 
to enhance absorption of the incident laser pulse. This curve was gener-
ated by attenuating (with various neutral density filters) the incoming 
"gaussian" beam, thus keeping the beam area fixed, but varying the laser 
pulse energy and power density. (In other experiments, not reported here, 
we adjusted power density by using various combinations of neutral density 
filters and lenses). The piezoelectric transducer was a Panametrics 
V3032 0.5/0.5 #8809 bonded to the opposite surface of the 6.35 mm thick 
sample with nonag stopcock grease. 
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Figure 1: Acoustic signal level versus laser pulse energy (and power den-
sity). The insert shows a typical signal as detected by a pie-
zoelectric transducer. (From [13]). 
It therefore detected only longitudinal displacements. The optical pulse 
generator consisted of a commercial pulsed Nitrogen laser (MolectronUV-24) 
pumping a commercial R6G tunable dye laser oscillator (Molectron DL-300). 
It emitted 6 ns pulses having peak power of 35 KW. The transducer output 
was sent to a (Nicolet 2090-III) transient recorder. All single shot data 
were very repeatible. The wavelength was tunable across the R6Gwavelength 
range but was kept at A=580 nm for this experiment. An example of the 
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transducer output at maximum laser energy is shown in the inset to Fig.l. 
Since the piezoelectric transducer does not record absolute waveforms, the 
criteria used to compare the various curves consisted of measuring the 
peak-to-peak voltage of the transducer output (B-A in Fig.l), as in [5]. 
Note that the minimum detectable acoustic signal occurred at a pulse energy 
of about 20 \lJ. 
The laser pulse energies were easily measured using commercial Joule 
meters. However, the determination of power densities was more difficult 
due to the poor gaussian-quality of the optica! beams. From gaussian 
optics, if a lens of focal length 6 is located a distance d from the 
waist Wi of the incoming dye laser beam, then the focused waist, Ws , at 
the sample surface is given by [22]: 
(1) 
where, 6'= 6 / z., d'=d 1 z l. i, and the confocal parameter zi is given by: 
- 2 z. = 1TW. / A • 
l. l. 
(2) 
The spot size, wlens , at the position of the focusing lens, is: 
(w1 /w.) 2 = 1 + (d•) 2 • ens 1. (3) 
In the present experiment, a separate lens was placed directly at the out-
put of the dye laser to condition the beam, such that d=O, so wi=wlens' 
Using 6<<zi , Eqs. (1) & (2) yield: 
W =6A/1TW1 • s ens (4) 
We measured wlens=l mm, so, from Eq. (4), using 6=60 mm and A-=580 nm, we 
obtain a focused waist ws=ll \lm, valid for a truly gaussian beam. An 
examination of the beam directly out of the dye laser revealed that it was 
an order of magnitude off from diffraction-limited. [This was obtained by 
measuring Zi (the distance from the waist at which the beam area doubles), 
combining Eqs. (2) & (3), and comparing the (resulting) calculated value 
of W!ens with the measured value]. Thus, we estimate an actual focused 
waist ws=llO 11m, corresponding to an approximate power density of 90 MW/ 
cm2, at our maximum pulse energy of 210 \lJ. 
LOW-ENERGY OPTICAL SOURCE WITH INTERFEROMETRIC DETECTOR 
We next describe a series of experiments in which acoustic waveforms 
were measured, using the improved interferometer. The signal from an 
earlier version of the interferometer was shown to correspond well to pre-
dicted waveforms [19]. Fig. 2 shows a schematic of the experimental sys-
tem, including the basic design of the interferometer. The addition of an 
electronic control system improved fringe stability such that the entire 
system could be operated on a bench in the vicinity of common low-frequency 
noise. It has additional sensitivity in that it also reduces the high-
frequency noise due to relaxation oscillations of the interferometer laser 
source, typically occurring in the frequency range of 100 KHz to 10 MHz 
[23]. This noise is eliminated by subtraction of two complementary 
(orthogonally polarized) interferometer outputs [24]. In this manner, a 
sensitivity of about 50 picometers over a 10 MHz bandwidth is obtained. A 
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complete discussion about the operation of this interferometer can be 
found in these proceedings [25]. 
LASER INTERFERO M ETER SPECI MEN LASER GE NERATOR 
Figure 2: 
OIAGNOSTICS 
Arragnement f or l ow-ener gy l aser generation of ultr asonic 
pulses. The pulsed Nitrogen laser pumps a dye laser oscillator 
to produce 6 ns pulses whose energies are <200 ~J. These 
optica! pulses are then focused onto the specimen surface where 
they generate acoustic pulses , detected by a sensitive laser 
interferometer. 
Accurate waveform capability of the l as er interfe r ometric detec~or, 
as well as a demonstration of the limitation of conventiona l pie zoelec tric 
transducers is shown in Fig. 3. An acoustic signal was generated on the 
top surface of a 63.5 mm thick hard aluminum disc by mechanically breaking 
a glass capillary (seismic impulse). It was detected simultaneously by 
both a piezoelectric transducer mounted on the bottom surface of the disk 
and by the interferometer. The resulting me chanical displacement of the 
bottom surface as a function of time i s s hown in the figure for bo th 
de t e ctors. Ther e is a c lose correspondence be tween the pr edic t ed [ 26] and 
the optically meas ure d waveforms , as discussed in more detail in [25 ], in 
a s imilar experiment. On the other hand, t he "piezoe lectric" waveform only 
indicates the presence of an acoustic signal , but gives no direct meaning-
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Figure 3: Comparison of piezoelectric and i nterferometric detectors to a 
seismi c impul se . A glass capillar y is broken on top of a 
63. 5 mm thick ha rd aluminum disc . 
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ful comparison between theory and experiment. The notation on the optical 
curve corresponds to the arrival of various wave types, as will be dis-
cussed in detail in the next section. 
In Fig. 4, we show interferometer-detected local acoustic waveforms 
for three different materials. The laser beam striking the sample mater-
ials was just as for Figs. 1 and 2, except its peak power was maintained 
at 11 KW and its wavelength was now set to \=595 nm. For this experiment, 
the optics were such that d>>6, so Eqs. (1) and (3) combine to again yield 
Eq. (4). However, wlens~11 mm, so gaussian optics predicts ws=l ~m • For 
our non-diffraction-limited beam, we estimate a focused radius of ~ 10 ~m 
and, thus, a power density of about 3.5 GW/cm2, For the metallic sample, 
the bottom surface was polished slightly to enhance specular reflection 
for the low power He-Ne laser beam of the interferometer. For the non-
metallic sample, a tiny mirror was bonded to the bottom surface to enhance 
specular reflection. This procedure may not be essential in many cases, 
expecially when a higher power (interferometer) laser is used [16], 
Curve A shows the result of hitting a 63.5 mm thick metal disc (6061T6 
Aluminum, 152.4 mm dia.). A thin glass slide ("bonded" with india ink) on 
the top surface of the metal (1) attempted to duplicate a force monopole 
at the metal surface [6], and (2) increased the absorption of laser light 
into the metal while maintaining these low energies. A number of different 
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Figure 4: Normal di s placement waveforms for two composites and a metal. 
The incident laser pulse energy for all curves was fixed at 
66 ~J, with a corresponding power density of 3.5 GW/cm2 , All 
curves are r ecorded at 10 MHz bandwidth except curve D, which 
is at 1 MHz . The calibrated vertical scale, indicated in the 
figure, r epresents 100 pm for curve A and 500 pm for curves B, 
C, and D. (From [13 )) , 
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acoustic pulses (with characteristic speeds) appear in trace A, as 
evidenced by the various arrival times. For example, the first (negative) 
bump occurring ~10 ~s after the laser pulse impinged on the top metal sur-
face corresponds to the arrival of a longitudinal (P) wave propagating 
directly through to the bottom surface. Other features of this curve cor-
respond to the arrival time of various waves taking different geometrica! 
paths, as discussed in the next seciton, in greater detail. The remaining 
curves of Fig. 4 are for nonmetals, curve B corresponding to a 6.35 mm 
thick sample of polyimide-glass-fiber composite (same as in Fig. 1), while 
curves C and D correspond to a 6.35 mm thick sample of graphite-epoxy 
composite. No coupling medium was used to enhance the absorption of the 
incident laser pulses for the nonmetals. As can be seen from curves C or 
D (recorded at different bandwidths), the start of an acoustic signal was 
detected 2.65 ~s after the laser source struck the top surface of the com-
posite material. This corresponds to a P wave speed of 2400 m/s, which is 
very clase to the limited data available for these materials [27]. Curve 
B for polyimide-glass indicates a slower longitudinal speed exists in that 
material. Absolute calibration of all the curves is indicated in the 
figure. 
DISCUSSION OF VARIOUS WAVE TYPES 
I n Fig. 5, we indicate a wide variety of situations which are possible 
when an acoustic wave is launched, mechanically or optically, from the 
center of the top surface of a disc. The subsequent conversion to an 
acoustic pulse can take many forms as indicated in (a) and (b) of Fig. 5. 
The arrival of a longitudinal (P) wave and transverse (S) wave propagating 
directly through to the bottom surface, is indicated in Fig. 5(a). This 
arrival results in a normal displacement, easily measured with most of the 
detectors discussed earlier in this paper. The interferometric detector 
will, however, yie ld accurate waveform information, even on a nonmetallic 
sample, as shown in Fig. 4. Other unconverted modes are also shown in 
Fig. 5(a). The PPP and SSS acoustic waves, when compared to the P and S 
types, will take three times as long to arrive at the bottom surface due 
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Figure 5: Comparison of various acoustic waves within a cylinder. Genera-
tion occurs at the top s urface and detection occurs at the bot-
tom surface. (a) corresponds to unconverted modes whereas (b) 
corresponds to mode conversion. 
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to the multiple reflection at each boundary. Each reflection will, of 
course, reduce the detected amplitude due to losses and possible mode con-
version. It is also possible for a P or S wave to reach the center of the 
bottom surface, where the detector is located, by a number of indirect 
paths, two of which are shown in Fig. S(a). Yet another wave type is the 
Rayleigh wave, propagating along the surface, at the slowest of the three 
acoustic speeds. This wave path is shown as a dash-dot line in Fig. S(a). 
All of these situations generally correspond to different arrival times at 
the detector. In Fig. S(b), we show other possible situations, where a 
certain wave type gets converted to a different form, propagating at a 
different velocity. For example, the P or S wave can propagate toward a 
corner and each get converted to a Rayleigh wave, which will resume propa-
gation along the surface of the metal at yet a different characteristic 
velocity. We would, therefore, expect that an accurate measurement of the 
normal displacement waveforms at the bottom surface of a disc will produce 
an indication of the arrival times of these various wave types. This is 
demonstrated in Fig. 6 for a metallic disc. 
Fig. 6 shows a repeated measurement of curve "A" of Fig. 4. We have 
specifically labelled five of the many possibilities described in the above 
paragraph. In labelling these "bumps," we calculated propagation times 
based on separate measurements of wave speeds for our particular sample of 
6061T6 aluminum, using pulse echo techniques. Our speed values were 
6.393 mm/~s for P waves, 3.127 mm/~s for S waves, and 2.850 mm/~s for Ray-
leigh waves. These wave speeds can be independently verified by repeating 
these experiments on discs of varying, but controlled, thicknesses. This 
allows one to measure the change in time corresponding to the arrival of 
particular acoustic pulses, thereby allowing an independent determination 
of wave speed, and also not requiring accurate determination of the t:O 
arrival time. This type of measurement for seismic, rather than optically-
generated pulses, is shown in Fig. 6 of [25]. 
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Figure 6: Laser-generated acoustic signal on 6061T6 aluminum. Cylinder 
dimensions are 152.7 mm in diameter and 63.42 mm thick. 
HIGH-ENERGY OPTICAL SOURCE 
In order to verify that our low-energy data were accurate, we also 
made measurements with a high-energy optical source [28], shown schemati-
cally in Fig . 7. This source consists of our low-energy nitrogen-pumped 
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dye laser, described previously, whose tunable output is t hen injec ted and 
temporarily trapped within an amplifier. The amplifie r consists of a 
single-stage coaxial flashlamp-pumped dye medium (R6G ) contained within a 
ring resonator. The injected signal is trapped by prope r control of the 
electro-optic modulator ( E.O.M.) in conjunction with the hi gh-power polar-
izing beam splitters (H . P.B.). After repeated round-trips inside the r ing 
cavity, the injected laser pulse increases its energy while saturating the 
dye medium. When no further amplification is possible , the E. O.M. is 
turned off and the amplified pulse escapes, p-pol a rized , f r om the cavity 
as a 6 ns, 40 mJ pulse, ready to generate acoustic waves in a metallic or 
nonmetallic specimen. The "polarizing prism" and the "lit trow prism" were 
used to enhance the discrimination between p- and s-polarized light within 
the ring cavity. The radiometer, photode tec tor (PDl ) , and t he optical 
multichannel analyzer (O.M.A.) were used for pulse diagnostics. Photo-
detector PD2 was us ed to monitor the spontaneously-emitted radia t ion, 
a llowing more accura t e de t e rmi na t ion of ampl i fie r gain sa t ur a t ion. Exper i -
ments pe rformed wi th this high-ene r gy sour ce ve r ified the accuracy of aur 
low-energy measurements. We generally obtained identical waveforms with 
both sources, except for an increased displacement level a t the point of 
detection corresponding to higher energy a coustic pulses . 
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Figure 7 : Configuration of !Ji gh-ener gy dye l aser amplifier [ 28]. 
CONCLUSIONS 
Orientat i on of l i ttrow prism is orthogona l t o plane of paper. 
Other elements described in text . 
In conclusion, a tunable , l ow- energy (20-210 ~J ) l aser genera tor 
combined with an int e r ferometric detector can be used to make ult r ason i c 
measureme nts i n both metals and nonmetals . Thus , it is possible to 
characte r ize materials i n a noncontact manner , unde r harsh envir onmental 
condit i ons , on very s ma l l specimens . The vis i ble nature of t he inc i dent 
l ight e nhances safety and a l ignment. The rel ation be t ween generat e d 
acous t ic s igna l s and i ncident l ase r energy ( and powe r density) has been 
demonstra ted for a composite ma t erial. The accuracy of these meas uremen t s 
was verified by using a high-energy l aser source . 
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